Analysing investment drivers in fisheries is essential in understanding the long-term development of fishing capacity. This paper addresses the drivers of investment in the French commercial fishing fleets operating along the Atlantic coast, and the role of public policies have had on investment. First, we examine the changes in the capital value of the fleet, which was strongly impacted by decommissioning schemes during the nineties. We then examine drivers of investment using an unbalanced panel data set describing the investment decisions of a sample of firms over the period [1994][1995][1996][1997][1998][1999][2000][2001][2002][2003][2004]. In addition to economic variables, the estimated models account for other factors that may have an impact on investment behaviour, including the different career phases of the skipper-owners. The study concludes with a discussion of the results, and in particular of the role of fiscal policy on observed investment strategies.
Introduction
Despite its central importance in determining the long-term evolution of fishing capacity, investment in marine fisheries has been the object of relatively few empirical explorations to date (Munro 2010 ). The standard model of investment behaviour in fisheries assumes a sole owner exists, which represents the societal perspective on whether investment is warranted in a fishery and at what levels (see Charles 2007 for a review). The analysis focuses on expectations this sole owner may have regarding the future economic performance of the fishery, and how these affect the trade-offs between investment costs (including the opportunity costs of capital) and the net present value of future expected benefits derived from fishing, taking into account potential irreversibility effects (Clark et al. 1979) . The analysis allows identification of the optimal investment paths, assuming a profit-maximizing decision model. In practice, however, decisions to invest in a fishery are made at the level of fishing firms, by entrepreneurs. In certain circumstances, entrepreneur motivations can be influenced not only by pure economic profit results, but also by financial considerations which are determined by regulations that pertain to fiscal regimes and tax policies. The nature of these as they relate to the fishing industry will vary across countries and in time, and can be influenced by both shortterm and long-term policy considerations. Short-term considerations will for example relate to the adoption of emergency measures aimed at easing the tension that may develop when the fishing sector encounters difficult economic conditions to avoid an uncontrolled situation (Mesnil 2008) . For example, (positive and negative) tax policies can become an adjustment variable for governments to assist the fishing sector in times of strong increases in input costs. In particular, the level of fuel subsidies in fisheries has been estimated for 86 countries (Sumaila et al. 2008) , and concluded to the potentially strong impact of these on the sustainability of fisheries. Longterm considerations will usually relate to fiscal concerns and objectives in terms of structural adaptations of the fishing sector. Where it has been studied, this has been shown to play a key role in the capital dynamics of certain fisheries (Jensen 1998) . In the French context, the fiscal regime applied to fishing fleets was shown to entail strong incentives to maintain capital investment in the sector (Le Floc'h et al. 2008a) . In both cases, incentives created by the fiscal and tax regimes may well supersede those that would result from economic variables in driving investment behaviour. In particular, direct subsidies provided to fishermen in order to offset increasing fuel prices, may cause resistance either to disinvestment in contexts where excess capacity exists, thus subverting other policies aimed at fleet rationalization and strengthening of the sustainability of a fishery.
Assessing the role of these various incentives in determining investment behaviour in fisheries requires that empirical models be developed, linking measures of investment to the influence of public policies that directly or indirectly affect the economic and/or financial position of fishing firms. However, while the need to solve problems of overcapitalization and excess investment in fisheries is now broadly recognized, there is often very little information on the level of capitalization and the structure of capital invested in the fishing sector, let alone changes in these over time. For example, for many years in Europe, the number of vessels and the total engine power (in kW) of fishing fleets have been the unique references for assessing the level of capitalization in fisheries (European Commission 2010). As a consequence, the different policies implemented to reduce overcapacity have generally been formulated in terms of these physical units. In principle, however, estimation of changes in the long term productivity and attractiveness, or otherwise, of the fishing sector should also be based on economic information, including the value of capital stock. In addition, understanding the dynamics of investment in fisheries would require at minimum that some time-series data of changes in the capital stock of fishing firms be available, if not regular estimates of the flows of investment that occur in different fisheries, and how these relate to changes in the conditions under which these fisheries operate.
The need for measures of capital stock and its changes in fisheries also leads to the question of how these should be measured. At the European level, a concerted effort has been undertaken since the early 90s, to produce annual reports on the economic performance of major European fishing fleets, including indicators of capital stock and fixed costs (Anonymous 2006) . Recognizing the need for economic data in order to develop integrated bio-economic assessments in support of the Common Fisheries Policy, the EC regulation for data collection in fisheries has also included the need to document indicators of capital. Implementation to date has shown that there is currently no agreement as to the definition and measurement of capital stock and capital annual costs in the European fishing sector. One of the difficulties of the definition of the capital stock in fisheries results from its heterogeneous composition. Multiple capital goods are employed in the harvest process besides the vessel hull. Kirkley and Squires (1998) propose a large list of additional items, including e.g. main and/or auxiliary engines, winches, booms, holds, chilling or cooling or freezing equipment, and many types of vessel electronics. Investments referring to tangible assets are defined as being composed of the value of (i) new vessels which entered the fleet in the current year, (ii) replacement of engines, (iii) electronics and (iv), others equipments (storage equipment and gear). This multi-dimensionality of fishing capital creates practical difficulties when it comes to assessing the overall capital value of a vessel which has gone through multiple modernisation stages, a case often observed in fisheries. For example, an old fishing vessel can be equipped with a new engine, requiring lower maintenance costs. These have been used as a proxy for additional investment in different components of the fishing vessel, including hull, engine, electronics, and gear (Jorgenson 1971) . Other authors have considered levels of debt and the associated financial costs as proxies for the level of investment in a fishery, higher recourse to debt being an indication that fishing firms were investing in a fishery (Ward and Sutinen 1994; Foltz 2004; Jorgensen and Kort 1997) . In other studies, the level of debt has been considered as an indication of weakened economic and financial performance, so that higher financial costs were associated with greater chances that some disinvestment would occur. This assumption was verified in the French context, where the more vulnerable fishing companies, which eventually closed during the fish crisis in 1993 and 1994, were those with the higher ratio of debt level to full equity profit (Boncoeur et al. 2000) .
In this study, we examine the changes in capital value that have occurred in the French fleets located along the Atlantic coast over the 1990-2005 period. A model is estimated based on a panel data set relating to the individual investment strategies of a sample of individual vessel owners. Results from the econometric model are discussed, focusing on the impact of the French fiscal regime as a possible explanation of the investment strategies observed. The structure of the French Atlantic coast fishing fleet changed significantly over the study period. One of the main access regulation measures that was set up in the French context at the end of the 1980's was the adoption of the "Permis de Mise en Exploitation" or Operation Permit system, leading to a de facto limited entry regime in French fisheries.
Following the enforcement of limited entry, several decommissioning schemes were carried out in France during the 1990s, as part of the European Multi-Annual Guidance Programmes for capacity reduction (for a review on buyback schemes see Holland and Gudmundsson 1999; Weninger and McConnell 2000) . Buyback policies contributed to a strong reduction in the number of vessels registered in ports located in South Brittany (region 1 in fig. 2 ) by 44% between 1990 and 2005. The highest reduction over the period was observed for the 16-20 meters units, with a decrease by 55% (against a 9% only reduction in the number of boats over 20 meters long). Analysis of the characteristics of the vessels that were decommissioned showed that these were the least performing, such that the reduction in vessel numbers led to an increase in the average productivity of the fleet that remained active, which was reinvestment in the fleet, following the scrapping of older, less efficient vessels . During this period, the monetary value of the net capital stock invested in the fleets was estimated to decrease ) from 571 million constant € in 1990 to 291 million constant € in 2005 ( fig. 3 ). These estimations were derived from data collected via a field survey operated by Ifremer, and records of transactions on the French second-hand market for fishing vessels. Hedonic price functions were used to establish estimates of the capital value of vessels and their main components, including vessel hull, engine, electronics and storage equipment, and differentiating between new and second hand vessels. A depreciation function for the vessel hull was also estimated, considering the price of a vessel as a function of its age . The model specification finally assumed that the rate of capital depreciation was constant over the study period (OECD 2001) . Taking into account initial capital value and cumulated depreciation, the net value of the capital stock was then calculated. This value corresponds to the depreciated price of the various components of fishing capital, given the increasing age of the vessel.
The net value of this capital stock decreased by 49% in constant terms, in 16 years. In relative terms, the 16-20 meters fleet segment suffered most, with its share in the net capital stock decreasing regularly, by 1% every year, from 22% in 1990 to 14% in 2005. Meanwhile, the shares of other segments were roughly maintained (at around 20% of the total net capital stock for the units under 12 meters, and 26% for the 12-16 meters units), while that of the larger vessels increased from 32% to 40%.
In summary, the years 1990-2005 were characterized by dis-investment in the French Atlantic coast fishing fleet, leading to a strong reduction in the estimated capital value of the vessels that remained active. The purpose of the analysis presented in the paper is to determine some of the drivers of this dis-investment, and in particular, to assess the role of fiscal policy in this respect.
Data and methodology

Data and descriptive statistics
In previous research devoted to the French fleets, capital was considered exclusively as a stock (Le Floc'h et al. 2008a; Irepa 2006) . To assess whether fiscal policies have had an impact on the observed changes in the capital value of the fleet, we develop an analysis of the underlying capital flows and analyze how these relate to a set of explanatory variables characterising the skipper-owner, as well as the levels of inputs and outputs use by the fleets. The analysis of investment drivers is focused on the 16-20 meters units, owing to the particularly strong reduction in the capital stock of this fleet.
Data was available for a sample of 39 owner-operators of single fishing vessels belonging to the 16-20 meters class, over the period [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] . Economic information for these fishing companies was provided by the Regional Observatory of Fisheries in Brittany, from bookkeeping databases that include landings value, and operating and financial costs. A recurrent problem when analysing investment flows is limited data availability. In the case considered, no direct information was available on investment per se. However, information was available regarding two categories of operational costs which we used as proxies the levels of investment: these were equipment expenses (new equipment in fishing gears) and maintenance and repair costs, defined as operating costs in bookkeeping. These costs are linked to capital in two ways. Firstly, these payments over the year contribute to maintain or increase the value of capital and associated fishing capacity. Secondly, there may be cases where actual investment costs are registered as operating costs in bookkeeping for fiscal reasons, as this will tend to lower the net profit and associated tax payments 2 .
The dataset contains 225 observations over an 11 year period, with varying number of observations from year to year due to the exit and entry of vessels in the fleet (table 1) . Table 1 provides descriptive statistics regarding changes in the proxy variable for investment, defined as the total operating costs per firm. Average operating expenses display an increasing trend over the study period, with oscillatory annual fluctuations over the time period (table 2) .
Variations in levels of investment across individual firms and in time is expected to depend on the characteristics of the firms, their economic performance, which is related to the status of the fish stocks they harvest, the value of their landings and their fishing and financial costs, as well as the opportunity cost of investing in the fleet. Data was available on the characteristics of the vessel and the vessel owner, annual landings in volume and value, and annual fishing and financial costs. Explanatory variables relating to these different dimensions were selected after systematic testing for correlations between variables. The set of explanatory variables that retained in the analysis is presented in table 2.
The age of the owner was used to capture the different career phases at which skipper-owners may be. Vessel characteristics were described in terms of the age of the vessels, and the main gear used. The age of the vessels was used to describe changes in the average service life of vessels for this fleet. In the French fishing industry, the stern trawling technique (trawlers pulling a large net behind the boat) is one of the major techniques used. Alternatives are the use of passive fishing gears (such as nets, lines, or pots). The main fishing gear used by the firm was represented through a binary variable (1 if the vessel uses the trawling technique, 0 in other cases).
The categories of exploited fish species were grouped according to the following three main marine communities: benthic species (species living on the ocean floor, such as monkfish, nephrops and sole), pelagic species (species living at or near the surface of marine waters, such as sardine and anchovy), and demersal species (species living at least for an important part of their life cycle near the oceans floor, like cuttlefish, seabass, pollock and hake). The composition of catches for two of these groups were included in the analysis to capture the dependence of firms towards different parts of the ecosystem. This was expressed as the ratios of benthic landings and pelagic landings over total landings expressed in tonnage. We could expect with negative impact of benthic landings on investment due to ICES recommendations (ICES 2004) 3 . The main economic variables used to capture variation in the economic performance of vessels were annual landings value, fuel costs and financial costs, weighted by the size (length) of the vessels. The long-term interest rate was also included, as a measure of the opportunity cost of investing in the fleet for boat owners. Table 3 presents the average values observed for these variables over the study period, and their dispersion. The age of skipper-owners remained relatively constant over the first half of the study period, and then increased somewhat, from an average 39 years to an average 42 years old after 2000. Over eleven years, the mean service life of vessels in the fleet increased by one year every year, from 12 years in 1994 to 22 years old in 2004. This constant ageing of the fleet reflects a lack of renewal of the vessels, which indicates a lack of attractiveness for entrepreneurs.
The value of weighted landings tended to increase over the time period, indicating a growing apparent productivity of the vessels that remained active in the fleet. Benthic species make up a relatively constant two thirds of total production over the period, whereas more variability is observed between the two other groups, with pelagic species (sardine, anchovy, tuna) varying between very low (2-10%) contributions in the early years, to much larger shares of total landings (17-20%) in the later years. Average fuel costs also tended to increase throughout the period, at a relatively faster rate than landings value. Financial costs tended to strongly decrease over the period, until the later years when they increased back to their initial levels. Figure 4 depicts trends of the explained variable and three explanatory variables. Financial costs decreased at a comparable rate as the average service life of vessels increased, until 2002, which would be expected. However, from 2003, financial costs increased, which probably reflects the need vessel owners had to invest in new physical assets to maintain their vessels in activity, as these vessels had become relatively old (average age of around 22 years). Expenses in maintenance and repairs, considered as a proxy for investment in this study, generally seemed to increase simultaneously with landed value, but with a regular cycling pattern, which probably reflects the fact that major investment flows occur on a bi to tri-annual, rather than annual, scale.
Modelling approach
The data set consisted of an unbalanced panel data set, as information at the level of individual fishing vessels did not systematically cover the entire study period. We assumed that this was the consequence of randomly missing observations 4 . This enabled us to use panel data techniques controlling for individual heterogeneity by integrating individual effects.
Traditionally, individual effects can be specified as fixed or random: in the fixed case, the individual effects are captured by estimating fixed parameters, whereas in the random case, the individual effects are a component of the disturbances that cannot be estimated. Mathematically, the estimated equations for our panel data set are: ..., 34 ; t=1994, ..., 2004 where i denotes the vessel and t denotes time, α is a scalar, β is 9x1 and X it is the itth observation of the 9 explanatory variables (listed in table 2), it  are independent and identically distributed IID(0, ). Temporal effects were also included by integrating dummy variables for each year.  , are independent of the explanatory variables, X it . The choice of the model will depend on the result of the Hausman test (Hausman, 1978) , which is based on the difference between the fixed and random effects estimators.If the condition on the independence between i  and X it is not satisfied, the estimates of the random effects are biased and inconsistent whereas the fixed estimates remain unbiased and consistent (Baltagi, 2005) . Therefore, the two models were estimated: a model with individual and temporal fixed effects and a mixed model with random individual effects and fixed effects, and the presentation of the results in the next section begin by the Hausman test, enabling us to identify the most efficient model.
Results
A Hausman test led to the conclusion that the two-way fixed effects model should be preferred. However, we choose to present the one-way fixed effect model as some dummy temporal variables are collinear and degrees of freedom are lost by the incorporation of the temporal proxies. Nevertheless, the significant variables and the signs of their coefficient are the same in both specifications. Table 4 gives the result of the Hausman test. Looking at the value of the probability, the null hypothesis of an absence of correlation between the individual disturbances and the explanatory variables can be rejected. Therefore, an individual fixed effects model should be preferred to a random effects model 6 .
The following specification was retained : White's (1984) robust variance-covariance matrix has been used to correct for heteroscedastik error term. Results from the fixed effects model are described in Table 5 . Numbers in parentheses are robust t-statistic and the number of asteriks reveals the level of confidence : 1 % (***), 5 % (**) and 10 % (*).
Note that the estimates are robust to heteroskedastic disturbances since a White's (1984) robust variance-covariance matrix has been used. Moreover, the value of the Durbin Watson Statistic indicates there is no residual autocorrelation. This indicates that the model is able to explain the data well, and this is confirmed by the relatively high value of the adjusted Rsquared (0.54). Over the nine explanatory variables included, five are significant (Benthic, Owner, Vessel, Finance and Gear), but at different confidence levels. Three of them are significant at the 1 % level (Benthic, Owner, Vessel) . It thus appears that vessels with a higher dependence on benthic species, mainly monkfish and nephrops, invest more money in renewing their equipment and fishing gears, and in maintenance and repair costs. Results regarding the age of the owner and the vessel are quite surprising as their coefficients are respectively positive and negative: investment in the fleet increased with the age of the owner, and decreased with the age of the vessel, over the period. An explanation of such impacts is proposed in the next section, which takes into account the potential role of the fiscal policy that affected this fishing fleet over the study period. The choice of the fishing technique (Gear) is also significant but at the 5% level: the flow of investment appears to have been lower for vessels adopting the active trawling techniques, as compared to vessels using passive techniques. The last significant variable, at the 10 % level, is the financial cost per meter which had a positive impact on investment in the fleet. Other variables (Pelagic, Interest, Landings, Fuel) did not significantly influence the flow of investment in the fleet, according to the sample examined.
Discussion
The econometric results point to some of the key drivers of investment in the fleet under consideration, over the study period. Investment levels are affected positively by fishing units exploiting mainly benthic species (monkfish, nephrops) and managed by the oldest entrepreneurs with the highest financial cost. At the opposite, investments are negatively impacted for the oldest vessels and equipped with trawling gear.
The main result relates to the counter-intuitive sign of the variable describing the age of the owner. To explain this, one must consider the possible influence of the broader context in which vessel owners made their decisions regarding investment during the study period, and in particular the impact which the fiscal regime may have had on these decisions.
French fiscal regulations place fishermen under a dispensation regime (Anonym. 2003) . Companies can fully depreciate their vessel in less than ten years (and a minimum of six years), whereas the estimated economic lifetime of a vessel is usually over 20 years (Irepa 2006) . The main effect of this is to generate a high capital gain for sellers of fishing boats, which under French fiscal regulations, is considered as short-term gain and liable to income tax at a high rate (nearly 60%). Since fishing vessels are usually sold once the capital is fully depreciated, the sale price can often be considered to be mainly composed of highly taxed short-term capital gain. Following the economic crisis which impacted the French fishing industry in 1993 -1994 (Mesnil 2008 , the French authorities decided on an extension of a tax avoidance regime, implemented through the Fisheries Guidance Act adopted in 1997 (Anonym. 1997) . Under this Act, vessel owners can benefit from a partial tax exemption on capital gain only in case of reinvestment in the fishing sector. Consequently, the oldest skipper-owners were the population directly concerned with this special regime. End-career fishermen would then have to choose between staying and exiting. The former option was encouraged by tax exemption on capital gains under the condition to reinvest in the marine catch sector. From our econometric results, it can be argued that end-career fishermen under positive economic conditions (Gale 2003) , managing an old single vessel using the trawling technique, had additional fiscal arguments to push their annual expenses in capital ahead, decreasing net profit and future tax on capital gain. Once their physical assets were fully depreciated, older owners could undertake higher investment levels in equipment (investment expenses being registered as a running cost) to obtain lower levels of net profit, hence pay less taxes when they decided to sell their vessels when retiring. This would explain why the explanatory variable "Owner" in the econometric model, which represents the age of the owner, had a positive sign in the estimation. Hence, the fiscal regime may thus have directly affected the investment dynamics, particularly in the later career phases of boat owners, mainly under good economic performance.
Conversely, fishermen should have preferred to exit the fishery under bad economic performance. Many ship owners were then put heavily into debt in the mid nineties (Hénaff et al. 1995) , explaining lower investment in materials and maintenance. In this case, the fiscal rule would not give enough incentives to older fishermen compared to buyback programmes implemented in the beginning of 2000. It has been proved that the buyback plans implemented from 1991 has not had the expected results (Mesnil 2008) because the potential fishing capacity has not dramatically reduced, but was concentrated more on trawlers over 20 meters in terms of engine power (Ikiara and Odink, 2000) . As a consequence, capacity reduction programmes have strongly impacted the segment of the 16-20 meters vessels (Guyader et al. 2007) . The contribution of this fleet to total capacity in monetary value was reduced from 22% to 14% over the study period. Amongst vessels making up the sample from which estimations have been found, it can be argued that the oldest were intended to be scrapped through buyback schemes. Six buyback schemes were implemented by the French government over the study period, the first in 1994, and one every year from 2000. These schemes were financed through the Financial Instrument for Fisheries Guidance (46% of the total allowance) and the State (54%). Logically, investments costs registered as running expenses (maintenance and repairs) should not have been very high if the vessel was scrapped the year after, explaining a negative impact of the age of the vessel on investments. Buyback schemes would act as a stronger incentive to decrease running costs for the older vessels designed to scrapping (Clark et al. 2005) . Furthermore, selection adverse and moral hazard problem are often expected results when a buyback program is implemented (Squires et al. 2010; Curtis and Squires 2007) . Owners know perfectly the technical state of their fishing vessels and can be strongly motivated to decommission their physical capital if the residual value is low. Oldest vessels' owners behave rationally when they limit investment in maintenance and repairs, expecting a new buyback program as it was the case in 2003 and 2004 (Ministère de l'Agriculture et de la Pêche 2006). They make the most of an opportunity coming from the State. On the one hand, fishermen with mediocre economic results had more interests from buyback programs than from the fiscal regime, given that decommissioning premiums were paid independently of the effective fishing capacity of vessels, as they were based on nominal measures of physical capacity. On the other hand, we can say that buyback programs have failed especially due to the fiscal regime in the French fisheries, giving more incentives to oldest owners with positive economic results to reinvest in new vessels.
Secondly, the age of the vessel is not an adequate variable to define the average service life of capital. Investments in fisheries referring to tangible assets are composed of the value of new items such as engines (with a replacement every ten years), electronics and other equipment (Irepa 2006) . As replacement of each component is required according to the mean service life, the age of the vessel does not precisely reflect the technical state of the total physical assets. For instance, an old vessel can be equipped with a new engine, explaining lower expenses in maintenance and negative correlation with the explained variable in the model.
The last point we have to raise is the positive sign of the variable "Benthic" which is highly significant. In the beginning of the nineties and the opening of the European market, monetary policies of neighbouring countries (UK as a competitor, Spain and Italy as main outlets) and the development of salmon aquaculture profoundly changed competition on an international level. French fishermen did not expect these changes, causing a strong drop in prices (Steinmetz et al. 2006) . French benthic products were less competitive in the European markets, producing poor economic results for the fleets which are more vulnerable to international competition (particularly benthic production, such as monkfish, cod, sole and nephrops). Moreover, buyback schemes in 2003 and 2004 were particularly designed for vessels exploiting benthic production (Ministère de l'Agriculture et de la Pêche 2006). The level of premium for scrapping reached 95% (and 110% if the vessel was concerned with the recovery plan for cod) whereas the usual level was limited to 75% of the maximum threshold for other vessels more concentrated on pelagic and demersal species. One can explain that end-career fishermen exploiting benthic species had to balance the pros and the cons between the impact of the fiscal regime (capital gain with the sale on the second-hand market) and the premium received from the State and the European Union if the vessel was scrapped. In the former case, fishermen had motivations to increase running costs in maintenance and repairs whereas with the former case there is no real interest.
The paper focused on the influence of fiscal regulations on investment. One difficulty consists in the identification of capital as a flow because information is seldom available at a detailed scale. We have estimated the levels of investment through proxies (equipment expenses and maintenance and repair costs), showing a significant relationship with the age of the owner, the age of the vessel and the benthic production. The counter-intuitive results are explained both from the impact of the fiscal regime and the buyback programs. One of the major challenges for fisheries economists is to study the investment dynamics under the real assumption of nonmalleability of capital and labour (Munro 2010) . In this paper, we have suggested one way to progress in a better understanding of the changes in the marine catch sector. Tables   Table 1 : Operational costs (current value) per firm over the 1994-2004 period (mean, standard deviation and coefficient of variation). 
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